The use of food medicines is a widespread practice worldwide. In Brazil, such use is often associated with wild animals, mostly focusing on vertebrate species. Here we assessed taxonomic and ecological trends in traditional uses of wild edible vertebrates in the country, through an extensive ethnobiological database analysis. Our results showed that at least 165 health conditions are reportedly treated by edible vertebrate species ( = 204), mostly fishes and mammals. However, reptiles stand out presenting a higher plasticity in the treatment of multiple health conditions. Considering the 20 disease categories recorded, treatment prescriptions were similar within continental (i.e., terrestrial and freshwater) and also within coastal and marine habitats, which may reflect locally related trends in occurrence and use of the medicinal fauna. The comprehension of the multiplicity and trends in the therapeutic uses of Brazilian vertebrates is of particular interest from a conservation perspective, as several threatened species were recorded.
Introduction
Wildlife represents an immeasurable source of raw materials that support health systems of different human cultures that depend on nature as a source of medicines to treat and cure illnesses [1] . Plants and animals have been used as medicinal sources since ancient times, and even today animal-and plant-based pharmacopeias continue to play an essential role in health care. Although plants and plant-derived materials make up the majority of the ingredients used in most traditional medical systems globally, whole animals, animal parts, and animal-derived products also constitute important elements of the materia medica [2] [3] [4] [5] [6] .
The use of animal species as remedies, although representing an important component of traditional medicines (sometimes in association with plant species), has been much less studied than medicinal plants [1] . However, the importance of nonbotanical remedies (those of animal and mineral origin) is emerging [7] , resulting in a recent boom in publications focusing on zootherapy [8] [9] [10] [11] .
Brazil is well known for its rich social/cultural diversity, as represented by more than two hundred indigenous people and a range of local communities, which in turn have contributed to the high diversity of traditional knowledge and practices which include the use of medicinal animals. Indeed, animals have been used as a source of medicine in the country and have played a significant role in healing practices as many people have used animals as medicines or alternative or supplementary treatments [12, 13] .
Hence, Brazil can be considered a model to extensive zootherapeutic studies, since the use of animals and animalderived products is widespread among the country's human cultures, as predicted by the zootherapeutic universality hypothesis [14] . Furthermore, the concomitant use of wild animals for nutritional and medicinal purposes is also diffuse in several localities in the country, thus highlighting their important role as food medicine in well-established folk medical practices [15] . Evidence-Based Complementary and Alternative Medicine worldwide [1] . As remarked by Perry [16] , this is an expected trend, considering the frequent interactions between people and vertebrates-typically large-bodied animals, which may provide a wide range of medicinal products. This raises particular conservation concerns, as some of these taxa are overharvested for their medicinal uses and are now threatened [1] .
In this article, we provide an assessment of the uses of wild edible vertebrate species in Brazilian Traditional Medicine. The study focused on the following questions: (1) which edible vertebrate taxa are mostly used in the Brazilian Traditional Medicine? (2) Do the conditions treated by medicinal resources vary with taxonomical group and/or animal's habitat?
Methods
Data used in this research resulted from an extensive analysis of the ethnozoological database provided by the Laboratório de Etnozoologia, Universidade Estadual da Paraíba. The database comprises information from ethnozoological studies on faunal medicinal use performed in all Brazilian regions. Additional data was gathered through information available in reviews published by the laboratory researchers [17] [18] [19] .
Data analysis comprised information on species of edible vertebrates used as medicines, their family classification, habitats, conservation status, and conditions to which animals were prescribed. We only considered those taxa that could be identified to species level, and the scientific nomenclature of the taxa recorded (fishes, amphibians, reptiles, and mammals) and/or habitats were in accordance with the following databases: Fishbase (Froese and Pauly, 2016; http://www.fishbase.org/), Amphibian Species of the World (http://research.amnh.org/herpetology/amphibia/ index.php), The Reptile Database (http://www.reptiledatabase.org/), and Mammal Species of the World [20] . With regard to habitat analysis, marine and estuarine species were grouped in the same category (i.e., coastal and marine); if a marine species was also reported to freshwater environments, it habitat was categorized as costal and marine/freshwater. Moreover, continental species which could inhabit both terrestrial and aquatic systems were considered as semiaquatic species.
The conservation status of the analysed species follows the International Union for the Conservation of Nature [21] , the Convention on International Trade in Endangered Species of Wild Fauna and Flora [22] , and the Brazilian red lists (decrees 444 and 445, Brazilian Ministry of Environment, 2014). Health conditions considered in this research were categorized by the International Statistical Classification of Diseases and Related Health Problems (ICD-10 Version: 2016; http://apps.who.int/classifications/icd10/browse/2016/en).
Data Analysis.
All data were verified for normal distribution (Shapiro-Wilk's test) and homogeneity of variance (Levene's test) and nonparametric tests were performed when those assumptions were not met.
A Kruskal-Wallis test (followed by Dunn's post hoc test) and an ANOVA were performed to determine whether the number of health conditions treated per species varied among vertebrate taxonomic groups or habitat types, respectively. Resemblance between health conditions treated (grouped into ICD's categories) and taxonomic groups or animals' habitat types were assessed based on Jaccard's similarity index, where resulting matrices were used to perform cluster analyses. Due to low number of species recorded ( = 3), amphibians were excluded from all statistical analysis regarding taxonomic groups.
Results
At least 204 edible vertebrate species have been used in Brazilian Traditional Medicine (see Table 1 ). Fishes were the most represented group ( = 97 species), followed by mammals ( = 48), reptiles ( = 29), birds ( = 27), and amphibians ( = 3). Most medicinal animals are aquatic (58.9%), mostly inhabiting freshwater (27.0% of total counts) and coastal/marine (26.5% of total counts) environments (Figure 1 ). Terrestrial and semiaquatic vertebrates corresponded to 38.7% and 2.5% of medicinal vertebrates recorded, respectively.
Edible medicinal vertebrates were reportedly used to treat 165 health conditions/diseases (see Table 2 ). A single illness could be treated by various animal species (e.g., 67 animal species were used in the treatment of asthma and 60 in the treatment of rheumatism), and although most species (particularly fishes, mammals, and birds) were used to treat only one ( = 85; 41.7%) or up to five illnesses ( = 156; 76.5%), several were prescribed for treating multiple illnesses (>5 conditions; = 48, 23.5%), as shown in Figure 2 . Reptiles were the most versatile group, as they were mostly used in the treatment of multiple conditions, with almost half of the species ( = 14) being used to treat more than 10 illnesses (Figure 2 ). Indeed, from the 10 most expressive species in the treatment of multiple conditions (see Table 1 ), seven are reptiles, for instance, the "teju" and the boa snake (Salvator teguixin and Boa constrictor, resp.; = 28 health conditions prescribed, each), the Neotropical rattlesnake (Crotalus durissus; = 27 conditions), the green sea turtle (Chelonia mydas; = 25 conditions), and the common caiman (Caiman crocodilus; = 24 conditions). Moreover, Didelphis marsupialis (Linnaeus, 1758), Black-Eared Opossum, "mucura," "gambá," "saruê" Acne, wounds, bronchitis, joint pain, stomach ache, rheumatism, diarrhoea, inflammation, erysipelas, pain in gestation, asthma, headache, toothache, earache, sore throat Terrestrial Herpailurus yagouaroundi (É. Geoffroy Saint-Hilaire, 1803), "gatovermelho," "gato-azul," Jaguarundi
Wounds Terrestrial
Leopardus pardalis (Linnaeus, 1758), ocelot, "gato-maracajá,"
Headache, sore throat, backache, wounds Terrestrial
Leopardus tigrinus (Schreber, 1775), oncilla, "gato-mirim" Wounds, urinary incontinence, injuries, sore throat, sucking a splinter out of skin or flesh Terrestrial the trahira fish (Hoplias malabaricus; = 23 prescriptions) and the two manatee species recorded (Trichechus inunguis and T. manatus; = 18 prescriptions, each) also stand out for being indicated to the treatment of multiple illnesses. Each species was prescribed to treat a mean of 4.4 ± 0.78 (mean ± confidence interval) health conditions. Reptiles contributed with the highest mean number of diseases treated per species, while birds and fishes comprised the groups with the lowest means (Kruskal-Wallis test: = 53.209; = 201; < 0.01; Dunn's post hoc test: < 0.01; Figure 3 ). Nonetheless, species showed similar number of prescriptions according to habitat type ( 4,199 = 1.36; = 0.247).
Prescriptions of edible medicinal vertebrates were generalised in 20 disease categories, according to ICD-10. From those, "symptoms, signs, and abnormal clinical and laboratory findings" were the most recorded category in terms of therapeutic quotes recorded, followed by "infectious and parasitic diseases" and "injuries, poisoning, and other consequences of external causes" ( Table 2) .
With regard to the number of species associated with ICD-10 categories, most animals were prescribed for treating problems associated with the "musculoskeletal system and connective tissue" and the "respiratory system" (each: = 80 species; 39.2%), "injuries, poisoning, and other consequences of external causes" (67 species, 32.8%), and "symptoms, signs, and abnormal clinical and laboratory findings" (58 species, 28.4%) ( Table 2) .
Despite most medicinal vertebrates provide raw materials for remedies, medicinal products often have magicalreligious purposes, particularly for the prevention of diseases of spiritual cause (e.g., evil eye); they were also used as amulets to prevent diseases (e.g., amulet used as a protection against snake bite). It is worth noting that many animals involved in poisoning accidents, such as stingrays and snakes, Ascites; chest pain; cough; cracks in the sole of the feet; edema (also quoted as edema in the legs); fatigue; fever; headache; hoarseness; inflammation; jaundice; lack of appetite (also quoted as lack of appetite in children); numbness; pain (also quoted as pain in the body; pain in the breast; pain in the legs; to reduce pain); shortness of breath; swelling; assisting children who take longer than usual to start walking; vomit.
24
Certain infectious and parasitic diseases ( = 40 species)
Abscesses; athlete's foot; diphtheria; erysipelas; herpes zoster; infection; leishmaniosis; leprosy; mumps; mycosis; schistosomiasis; syphilis; tetanus; tuberculosis; venereal disease; verminosis; warts; whooping cough.
18
Injury, poisoning, and certain other consequences of external causes ( = 67 species)
Bruises; burns (also quoted as burns in the skin); chilblains; injuries caused by bang; injuries caused by the animal itself; injuries caused by the spines of fishes (also quoted as injuries caused by the spines of rays); intoxication from poisonous animals; pain relief in injuries caused by the species' sting; pain relief in injuries caused by snake bites; pain relief in injuries caused by sting of insects; scratch; assisting in removing spines or other sharp structures from the skin (also quoted as to suck a splinter out of skin or flesh); wounds.
16
Diseases of the digestive system ( = 40 species)
Appendicitis; constipation; dental caries; diarrhoea; gastritis; haemorrhoids; hernia (also quoted as umbilical hernia); indigestion; irritation when milk teeth are erupting; liver pain; stomach ache; stomach disorders; toothache.
14 Diseases of the musculoskeletal system and connective tissue ( = 80 species)
Arthritis; arthrosis; backache; bursitis; luxation; muscle strain; muscular pain; neck strain; osteoporosis; pain in joint; rheumatism;
sprains; helping to strengthen bones.
13
Diseases of the respiratory system ( = 80 species) Asthma; bronchitis; catarrh; coarse throat; cold; flu; lung disease; pneumonia; respiratory diseases; sinusitis; sore throat; tonsillitis. 12
Diseases of the skin and subcutaneous tissue ( = 21 species)
Acne; blackhead; boils; calluses; dermatitis; itching; paronychia; skin diseases; skin spots; skin thorns and wounds; wrinkles. 11
Diseases of the genitourinary system ( = 19 species) Menstrual cramps; nephritis; prostate problems; renal failure; urinary disorders; urinary incontinence; urinary infection; discharge (also quoted as vaginal discharge); womb disorders.
10
Pregnancy, childbirth, and the puerperium ( = 12 species)
Disorders after parturition (to accelerate recovery after parturition); haemorrhage after delivery; nausea during pregnancy; pain in gestation; helping to accelerate parturition; helping to avoid swelling of the breast feeding; helping to induce abortion; helping to prevent abortion; wound in the breast caused by suckling.
9
Diseases of the eye and adnexa ( = 13 species)
Cataracts; conjunctivitis; eye pains; ophthalmological problems (also quoted as eye problems); leucoma; pterygium; stye. 8
External causes of morbidity and mortality ( = 25 species) Dog bite; insect sting; scorpions sting; snake bite; helping to stop the sensation of getting thirsty. 5
Undefined ( = 11 species)
Amulet; amulet used as a protection against snake bite; evil eye; helping to remove wrath. 4
Diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism ( = 12 species) Anaemia; bleeding (also quoted as wounds bleeding); haemorrhage. 4
Diseases of the circulatory system ( = 42 species) Stroke; thrombosis; varicocele. 3
Diseases of the nervous system ( = 5 species) Epilepsy; insomnia; paralysis of arms and legs. 3
Mental and behavioural disorders ( = 13 species) Alcoholism; sexual impotence; helping to stay awake. 3 18 Evidence-Based Complementary and Alternative Medicine are also used in folk medicine, particularly to treat injuries caused by themselves (see Table 1 ).
Fishes and birds appear to have most similar use according to ICD-10 categories (Jaccard index: 94.4), as well as reptiles and mammals (Jaccard index: 90.0), resulting in two distinct clusters (Figure 4(a) ). When considering resemblance between the disease categories recorded and animals' habitat types, two distinct clusters were also formed (terrestrial, freshwater, coastal, and marine; costal and marine/freshwater and semiaquatic) (Figure 4(b) ), thus reflecting highest similarities between continental habitats (terrestrial and freshwater; Jaccard index: 90.0).
With regard to species conservation status, 160 animals figure in at least one of the three red lists assessed (see Table 1 ). In the ICUN red list, 33 species (mainly fishes and mammals) are classified into threatened categories, mostly as vulnerable (VU; = 27) ones. Endangered (EN) and critically endangered (CR) species comprised six fishes and reptiles, namely, Narcine bancroftii and Pristis pectinata (CR) and Sphyrna lewini, S. mokarran, Chelonia mydas, and Eretmochelys imbricata (EN). In Brazilian red lists, most threatened animals are also considered VU ( = 22); EN species ( = 9) comprise mainly fishes and mammals; and CR ones ( = 8) comprise mainly fishes and marine reptiles. In CITES, 58 species are listed, especially in its Appendix II ( = 37), mammals and reptiles being the most expressive groups. 
Discussion
The high number of vertebrates used as medicine is not surprising given the important role played by wildlife as a source of medicines in different traditional medicine systems [8, 10, 23, 24] . The predominance of fishes and mammals in the Brazilian Traditional Medicine confirms our expectations, given that those groups comprise major targets in Brazil [25] [26] [27] [28] . Although these two taxa have been primarily harvested for alimentary purposes, they generate a series of the inedible parts [such as bone, skin, tail, feather, liver, and bile ("fel")], rattle (from rattlesnakes), spine, scale, penis, carapace, beak, teeth, head, nails, and horn that can be used in popular medicines. According to Moura and Marques [29] the use of leftover/secondary products derived from the fauna seems to be one of the most conspicuous features on the Brazilian popular zootherapy.
Zootherapeutic products, however, do not include inedible parts solely: flesh, eggs, and viscera are among some animal products used for both medicinal and alimentary purposes [1, 12, 13, 30, 31] . This corroborates the assumption that the consumption of wild vertebrates meat is often related to the purported medicinal or cultural benefits derived from the animal parts [32] [33] [34] [35] . In a recent review study, Alves et al. [15] pointed out that at least 354 wild animal species are used in Brazilian Traditional Medicine, of which 157 are also used as food, evidencing that a close connection between eating and healing is common in Brazilian zootherapy. This is in line with several studies in ethnobiology and ethnopharmacology that have observed how difficult the clear separation between medicines and foods can be [36] [37] [38] and this situation includes plants and animals, essential items for the preparation of traditional medicine.
Whether for food or medicinal purposes, the consumption of wild animals can lead to the transmission of various human diseases [39] . Van Vliet et al. [40] highlighted that the consumption of bushmeat for either purpose may lead to human infection by several zoonotic pathogens. Armadillos, for example, are widely used in folk medicine and are a natural reservoir of etiological agents of several zoonotic diseases that affect humans, such as leprosy, trichinosis, coccidioidomycosis or Valley Fever, Chagas disease, and typhus [41] . Therefore, it is essential that traditional drug therapies are submitted to an appropriate benefit/risk analysis [39] .
It was found that several medicinal vertebrates used in the Brazilian Traditional Medicine have multiple therapeutic indications. The possibility of using various remedies for the same ailment is popular because it allows adapting to the availability of the animals. The fact that some medicinal animals are being used for the same purpose suggests that different species can share similar medicinal properties and might indicate the pharmacological effectiveness of those zootherapeutic remedies [8] .
Multiple medicinal uses become even more evident when considering reptiles, as this group comprises one of the most important animal resources related to the medicine history [42] and is widely used in the most important traditional pharmacopeias worldwide [35] . Indeed, the use in traditional medicines is the human practice that involves the highest diversity of reptile species in Brazil [17] , some of which play important roles in traditional medicines, such as the "teju" (Tupinambis teguixin) and the boa snake (Boa constrictor), which are one of the most used medicinal animals in Brazil [42, 43] . Curiously, there is a general aversion to consuming some reptile groups, such as snakes and lizards, in the country. Nonetheless, this fact does not impair the use of these animals as medicines, as it is mainly associated with popular beliefs known as "simpatias," which, in most of the cases, state that "a person receiving a given treatment cannot know what that he/she is taking, otherwise the effect ceases" [18] . Hence, this fact seems to favour the high use of reptile species, despite widespread aversion to those animals.
On the other hand, despite presenting the highest diversity of medicinal species, fishes were recommended to treat a comparatively low number of health conditions. This may be related to the fact that most parts of a fish are consumed as food; thus fewer products are left to be used in medicinal practices. Similarly, when considering major hunted taxa in Brazil, that is, mammals and birds [25, 26, 44] , most species are also mostly consumed as food. However, the inedible parts generate "leftovers" (e.g., skin, tail, spine, scale, teeth, nails, and horn) which are among the main products used in traditional medicine. Indeed, according to Moura and Marques [29] , the zootherapeutic use of the fauna is mainly based on derived leftovers/secondary products. Those authors also emphasise that, from the ecological theory point of view, the use of leftovers could be justified as an attempt to leverage the resources obtained from ecosystems which are inappropriate for alimentary consumption due to the mechanical difficulty of ingesting these parts, such as horns, feather, and scales. Therefore, one can expect that the diversity of leftovers provided by a species may support the potential to treat multiple diseases.
Animals from continental habitats (i.e., terrestrial and freshwater) were found to treat similar disease categories; the same could be found within coastal and marine animals. This may be related to the local distribution of the diseases treated, thus leading people to use local resources in the traditional medicine of each region. For instance, in coastal areas, the occurrence of diseases classified into the category "external causes of morbidity and mortality" is very common, due to sting/poisoning accidents caused by fishes (e.g., stingrays, catfish, and toadfish), which are often treated by zootherapeutic products derived from the animals that caused the lesions [45] [46] [47] [48] .
Natural resources play an essential role in health care in traditional medical systems, as well as in bioprospecting for new drugs [49, 50] , and the interest in animal-based products has raised [49, 51, 52] . Hence, despite the available information on the chemical components and actions of some of these products, studies on fauna traditional uses still are potentially very important to shed light on several aspects of their therapeutic applications [53] .
The comprehension of the multiplicity and trends in therapeutic uses of several vertebrate species is of particular interest from a conservation perspective, as threatened animals, such as those recorded in this and other studies [30] could be replaced by nonthreatened species with similar properties. However, it is important to highlight that the use of animals for both food and medicinal purposes may impose higher pressure on those species under overexploitation conditions. For instance, if the animal is solely sought for medicinal purposes, it can lead the hunter/fisher to use selective capture techniques or even release nontargeted species. On the other hand, if an animal is captured for feeding reasons and is not the main target of the hunting or fishery (e.g., due to size), it can be kept by the hunter/fisher due to some medicinal property. Hence, understanding such complex interactions and trends in the use of fauna for nutritional and medicinal purposes evidences the important role that ethnobiological and ethnopharmacological studies may play in crucial discussion on the trade-offs between animal harvesting and its sustainability towards better regulation of those practices.
Conclusion
Wild edible vertebrates, particularly those inhabiting aquatic environments, are used to treat a wide range of health conditions in Brazil, with reptiles consisting of the most versatile group in multiple disease prescriptions. Moreover, a trend in prescriptions was found according to animals' habitats, as disease categories were similar within continental and within coastal and marine habitats. Several consumed species are under threat, leading to a raise in conservation concerns, particularly due to the dual function (as food and medicines) those species present.
